
Our Reference No. 9369-98 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicants: 

Maurice Moloney, Joenel Alcantara and, 
Gijs van Rooijen 

Serial No. 09/402,488 

Filed: February 16, 2000 

For: Method For Cleavage of Fusion 
Proteins 



Group No.: 1656 
Examiner: David J. Steadman 



DECLARATION UNDER 37 C ,F.R. 1.132 



Honourable Assistant Commissioner 
For Patents 

Washington, D.C. 20231 
Sir: 

I, Maurice Moloney, citizen of Ireland and resident of Calgary, Alberta, Canada, 
hereby declare and state as follows: 

1. I am one of the named inventors of the above-referenced patent application 
(hereinafter "the application"). 

2. I am the Chief Scientific Officer at SemBioSys Genetics Inc., the owner of the 
application. I have been involved in research relating to plant molecular biology for 
over 20 years. I attach a copy of my curriculum vitae as Exhibit A. 



WASH 1541151.1 



3. I have reviewed the Official Action issued on December 30, 2005, in connection 
with the application. In particular, I note the rejection of claims 1, 4, 6-9, 13, 15 and 19 
under 35 USC §103(a), claim 5 under 35 USC §103(a), claims 10, 16 and 48-49 under 35 
USC §103(a) and claims 14 and 50 under 35 USC §103(a). 

4. Pages 10-15 of the Office Action discuss the teachings of Ward et al (US Patent 
6,265,204), Walsh et al, (J. Biotech 45:235-241) and Yonezawa et al (Int J Pept Protein Res 
47:56-61). At page 11, the Office Action cites these references in support of the position 
that: 

one of ordinary skill in the art would have recognized that chymosin is an 
appropriate endoproteinase for cleaving a fusion protein at a Phe-Met junction of 
a desired protein with an N-terminal chymosin pro-peptide. 
At pages 14-15, the Office Action notes (i) Walsh's teaching of "a bovine kappa-casein 
chymosin cleavage site (cleavage between Phe-Met, wherein Phe is at the PI position 
and Met is at the PI' position) as a cleavable linker in a fusion protein/' (ii) knowledge 
in the art that "pro-peptides of chymosin from mammalian and fungal sources also 
have a Phe at the PI position," and (iii) knowledge that "most" heterologous proteins 
have "a Met at the N-terminus," and alleges that a skilled artisan would be motivated to 
use a chymosin pro-peptide as a fusion protein linker as claimed in the application, 
because such a fusion protein would have a Phe-Met junction that allegedly would be 
specifically cleaved by chymosin. Those assertions are not supported by the cited 
references, however, and contradict knowledge in the art regarding the activity of 
chymosin. 

5. I have reviewed the Ward, Walsh and Yonezawa references cited in the Office 
Action. I have also reviewed Visser et al, Biochim Biophys Acta 438: 265-72 (1976), 
which is cited by Walsh, and Schattenkerk et al, Reel. Trav. Chim. Pays-Bas 90: 1320-22, 
(1970), which is cited by Visser. These references (attached as Exhibits B and C) 
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contradict the assertion that chymosin can be used to cleave a fusion protein at any 
Phe-Met junction. 

6. These references do teach that chymosin cleaves the substrate K-casein at a 
Phe-Met bond, but they also teach that the primary structure of the amino acids 
surrounding the Phe-Met bond is essential to the cleavage reaction. For example, 
Walsh et al. teaches at page 239, second column, that "[s]pecific hydrolysis of 
Pheio5-Meho6 of K-casein at pH 6.8 by chymosin is dependent upon the composition and 
sequence of amino acid residues in an extended region of the primary structure / 7 
(Emphasis added.) Consistent with Walsh, the abstract and page 271 of Visser et al 
teach that "the sequence -Ser-Phe-Met-Ala- with a further residue added to either end is 
necessary to induce any cleavage by the enzyme/ 7 Figure 1 (page 1321) of Schattenkerk 
et al provides further data on this point, showing that methyl esters (used for their 
solubility) of the following K-casein-based peptides were completely resistant to 
cleavage by chymosin (referred to as "rennin" in the paper): 

Phe-Met 

Phe-Met-Ala 

Phe-Met-Ala-Ile 

Phe-Met- Ala-Ile-Pro-Pro-Lys-Lys 
Ser-Phe-Met 
Ser-Phe-Met-Ala 
Leu-Ser-Phe-Met 

Schattenkerk also reports that the peptide Leu-Phe-Met-Ala was completely resistant to 
cleavage by chymosin. On the other hand, Schattenkerk teaches that methyl esters of 
other K-casein-based peptides {e.g., Leu-Ser-Phe-Met- Ala-Ile) exhibited 99% cleavage by 
chymosin. As summarized by Visser et al on page 271, second paragraph, "it is 
apparent that a minimum chain length of five amino acids residues including the 
sequence -Ser-Phe-Met-Ala- is essential to bring about any cleavage of the Phe-Met 
bond/ 7 
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7. These teachings contradict the assertion in the Office Action that "chymosin is an 
appropriate endoproteinase for cleaving a fusion protein at a Phe-Met junction of a 
desired protein with an N-terminal chymosin pro-peptide," because they show that 
chymosin does not cleave substrate proteins at any and all Phe-Met junctions. 

8. I also draw the attention of the Examiner to the Examples provided in the current 
application (USSN 09/402,288). As seen in Example 1, and specifically in Figure 1, the 
deduced amino acid sequence of the GST-Pro-Hirudin fusion protein includes a 
Phe-Met bond between amino acids 153 and 154 that is not cleaved during the cleavage 
reaction. This is consistent with the findings of Visser et al and Walsh et ah which 
demonstrate the need for additional amino acids in order for the Phe-Met bond to be a 
substrate for chymosin. In addition, the cleavage site of the fusion protein in Figure 1 is 
not between a Phe-Met bond, but is between a Phe-Val bond between amino acid 
residues 278 and 279. Likewise, the cleavage site of the His-Pro-cGH fusion protein in 
Figure 2 is not between a Phe-Met bond, but is between a Phe-Ser bond between amino 
acid residues 84 and 85. 

9. In summary, while the prior art teaches that chymosin cleaves the substrate 
K-casein at a Phe-Met bond, the prior art and the examples in the application 
demonstrate that chymosin does not cleave substrate proteins at any and all Phe-Met 
bonds that are present. Thus, the basis for the obviousness rejections set forth in the 
Office Action is contradicted by the art of record and the additional prior art references 
discussed above. 

10. At pages 10-11, the Office Action states that "Methionine is usually the first 
amino acid of a given polypeptide/' This assertion is not consistent with the knowledge 
in the art regarding the primary structure of polypeptides. While the methionine codon 
is the "start" codon, a vast number of functional proteins do not have methionine at 
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their N-terminus because they are derived in vivo from fusions with signal sequences, 
transit peptides and other labile linkers and undergo modifications which eliminate the 
N-terminal methionine. Thus, a recombinant polypeptide of interest will not 
necessarily have an N-terminal methionine, and a prochymosin-polypeptide junction 
will not necessarily have a Phe-Met sequence. 

11. I also point out that invention described and claimed in the application would 
not have been expected from the references discussed above, because they specifically 
teach that the sequence -Ser-Phe-Met-Ala- is essential for the reported chymosin 
cleavage, and do not indicate that chymosin can cleave a substrate protein at a Phe-Val 
or Phe-Ser bond, as shown in the examples of the application. 

12. I declare further that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true and, 
further, that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such a willful false statement 
may jeopardize the validity of the application or any patent issuing thereon. 
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Exhibit A 

Dr. Maurice Moloney 

SemBioSys Genetics Inc 
110, 298 5-2 3rd Avenue NE 
Calgary, Alberta T1Y 7L3 
(403) 250-5424x758 Fax: (403) 250-3886 
Email: moloneym@sembiosys.com 

Dr. Maurice Moloney is the scientific founder of SemBioSys and serves as the company's chief scientific officer. He 
is also a professor in the Department of Biological Sciences at the University of Calgary and holds the Natural 
Sciences and Engineering Research Council of Canada (NSERC) Industrial Research Chair in plant biotechnology. 
Dr. Moloney's career in plant technology spans 20 years. Prior to founding SemBioSys, he spent seven years in his 
post at the University of Calgary, pursuing research on seed-specific gene expression, herbicide resistance and the 
plant cell cycle. Previously, he was the head of the Cell Biology Group at Calgene Inc., where he developed the first 
transgenic oilseed plants using Canola as the model. This resulted in a landmark patent in plant biotechnology and 
eventually became the basis of RoundUp Ready and Liberty Link Canola. 

Dr. Moloney has published more than 70 original research papers and is an inventor on 22 issued or pending patent 
families. He serves on the advisory board of the National Research Council's Plant Biotechnology Institute and two 
other biotechnology companies. He serves on numerous Federal government committees including NSERC Council 
(the governing body of NSERC), CFI, National Research Council (Canada) and the Networks of Centres of 
Excellence programs. He was the co-president of the International Society for Plant Molecular Biology (ISPMB) 
Congress in 2000 and serves on the ISPMB board. Dr. Moloney has received a number of prestigious awards, 
including the Alberta Science and Technology (ASTECH) Award for leadership in Alberta Technology. He holds a 
Bachelor of Science degree in organic chemistry from Imperial College, University of London, and was awarded his 
doctorate in plant biochemistry from De Montfort University/Leicester Polytechnic in the United Kingdom. 

Academic, Research and Industrial Appointments: 

2004 Doctor of Science (honoris causa) University of Lethbridge 

2003 - present Member, Executive Committee of NSERC 

2003 - presentChair, Committee on Research Partnerships - NSERC 

2002 - present Appointed to the Natural Sciences and Engineering Research Council of Canada (NSERC) for a 
three year term 

1 999 ASTECH Award for leadership in Alberta Technology. 

Professor, NSERC/Dow AgroSciences Industrial Research Chair of Plant Biotechnology, 
University of Calgary, Dept. of Biological Sciences 

Founder and Chief Scientific Officer, SemBioSys Genetics Inc. 

Associate Professor, University of Calgary, Dept. of Biological Sciences 

Assistant Professor, University of Calgary, Dept. of Biological Sciences 

Principal Scientist and Coordinator, Calgene Inc., Cell Biology Group 

Royal Society European Postdoctoral Fellow, University of Lausanne, Institut de Physiologie et de 
Biologie Vegetales 



1995 - 


present 


1994- 


present 


1990- 


1995 


1986- 


1990 


1983- 


1986 


1979- 


1983 
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1976 - 1979 Research Assistant, Leicester Polytechnic 



Education: 

1979 Doctorate in Plant Physiology, Leicester Polytechnic 

1 974 Bachelor of Science (Chemistry), Imperial College, University of London, UK 

Research Contributions: 

Articles in refereed publications (since 1995): 

Abell, B.M., Hahn, M, Holbrook, L.A., Moloney, M.M. (2004) Membrane Topology and Sequence Requirements 
for Oil Body Targeting of Oleosin. The Plant Journal. 

37: 461-70 

Kuhnel B, Alcantara, J., Boothe, J., van Rooijen, G., Moloney, M.M. (2003) Precise and Efficient Cleavage of 

Recombinant Fusion Proteins Using Mammalian Aspartic Proteases. Protein Engineering. Protein 

Engineering, Vol. 16 (10) pp. 777-783. 
Seon, J.H., Szarka, SJ.., Moloney, M.M. (2002) A Unique Strategy for Recovering Recombinant Proteins from 

Molecular Farming; Affinity Capture on Engineered Oilbodies Journal of Plant Biotechnology 4(3) pp. 95 

-101. 

Abell, B. M., High, S., and Moloney, M.M. (2002) Membrane Protein Topology of Oleosin is Constrained by its 
Long Hydrophobic Domain. Journal of Biological Chemistry, 277 (10) 8602-8610. 

Nykiforuk, C.L., Furukawa-Stoffer, T.L., Huff, P.W., Sarna, M., Laroche A., Moloney M.M., Weselake, R.J. (2002) 
Characterization of cDNAs Encoding Diacylglycerol Acyltransferase from Cultures of Brassica napus and 
Sucrose-Mediated Induction of Enzyme Biosynthesis. Biochimica et Biophysica Acta 1580: 95-109. 

Moloney, M.M. (2000) Molecular Farming Using Seeds as Hosts. Seed Technology and its Biological Basis, 
Sheffield Academic Press, p. 226-256. 

Weselake, R.J., Nykiforuk, C.L., Larochet, A., Patterson, N.A., Wiehler, W.B., Szarka, S.J., Moloney, M.M., Tari, 
L.W., Derekh, U. (2000) Expression and Properties of Diacylglycerol Acyltransferase from Cell- 
suspension Cultures of Oilseed Rape. Biochemical Society Transactions 28(6): 684-686. 

R.J. Weselake, A. Laroche & M.M. Moloney (2001) Molecular strategies for increasing oil content in canola. Final 
Report for Farming for the Future (AARI), project # 980810, 139 pages. 

Moloney MM (2000) Seeds as Repositories of Recombinant Proteins in Molecular Farming. Korean Journal of 
Plant Tissue Culture 27 (4): 283-297. 

Crowe A J, Abenes, M., Plant, A., Moloney, M.M. (2000) The seed-specific transactivator, ABI3, induces oleosin 
gene expression. Plant Science 151:171-181. 

Deckers H, Moloney MM and Baum A (1999) The case for recombinant production of pharmaceutical proteins in 
plants. Annual Reports in Medicinal Chemistry 34: 237-245 

Hays DB, Wilen RW, Sheng C, Moloney MM and Pharis RP (1999) Embryo-specific gene expression in 
microspore-derived embryos of Brassica napus. An interaction between abscisic acid and jasmonic acid. 
Plant Physiology 119: 1065-1072 

Saborio F, Moloney MM, Tung P and Thorpe TA (1999) Root induction in Pinus ayacahuite by co-culture with 
Agrobacterium tumefaciens strains. Tree Physiology 19: 383-389 

Ward KA, Holbrook LA, Lamb N, Abrams S, Reid DM and Moloney MM (1999) Structural requirements for 
biologically active jasmonates: Induction of protease inhibitors and seed specific proteins. Plant Growth 
Regulation 27: 49-56 

Chaudhary S, Parmenter DL and Moloney MM (1998) Transgenic Brassica carinata as a vehicle for the production 

of recombinant proteins in seeds. Plant Cell Reports 17: 195-200 
Kathiresan A, Nagarathna KC, Moloney MM, Reid DM and Chinnappa CC (1998) Differential regulation of 1- 

aminocyclopropane-l-carboxylate synthase gene family and its role in phenotypic plasticity in Stellaria 

longipes. Plant Molecular Biology 36: 265-274 
Kermouni A, Mahmoud SS, Wang S, Moloney MM and Habibi HR (1998) Cloning a full-length insulin-like growth 

Factor-I complementary DNA in the goldfish liver and ovary and development of quantitative PCR method 

for its measurement. Gen Comp Endocrin 1 1 1: 51-60 
Layzell DB, Brisson N, Devine MD, Moloney MM, Taylor GJ, Timmer V, Yada RY and Wood K (1998) Plant 

biology and food science in Canada: a vision for the future. Can J Bot. 76: 355-364 
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Mahmoud SS, Wang S, Moloney MM and Habibi HR (1998) Production of biologically active recombinant 
goldfish type II growth hormone in Escherichia coli. Comparative Biochemistry and Physiology 120: 657- 
663 

Abell BM, Holbrook LA, Abenes M, Murphy DJ, Hills MJ and Moloney MM (1997) Role of the Proline Knot 

Motif in Oleosin Endoplasmic Reticulum Topology and Oil Body Targeting. The Plant Cell 9: 1481-1493 
Abenes M, Holbrook LA, Moloney MM (1997) Transient expression and oil body targeting of an Arabidopsis 

oleosin-GUS reporter fusion protein in a range of oilseed embryos. Plant Cell Reports 17: 1-7 
Holbrook LA, Tung P, Ward KA, Reid DM, Abrams S, Lamb N, Wilson Quail J, Moloney MM (1997) Importance 

of the chiral centres of jasmonic acid in the responses of plants: activities and antagonism between natural 

and synthetic analogues. Plant Physiology 1 14: 419-428 
Liu J-H, Selinger LB, Hu Y-J, Moloney MM, Cheng K-J and Beauchemin KA (1997) An endoglucanase from the 

anaerobic fungus Orpinomyces joyonii: characterization of the gene and its product. Canadian Journal of 

Microbiology 43: 477-485 

Liu J-H, Selinger LB, Cheng K-J, Beauchemin KA and Moloney MM (1997) Plant seed oil-bodies as an 

immobilization matrix for a recombinant xylanase from the rumen fungus Neocallimastix patriciarum. 

Molecular Breeding 3:463-470. 
Markley NA, Young D, Laquel P, Castroviejo M and Moloney MM (1997) Molecular genetic and biochemical 

analysis of B. napus PCNA function. Plant Molecular Biology 34: 693-700 
Hays DB, Rose P, Abrams SR and Moloney MM (1996) Biological activity of optically pure C-l altered abscisic 

acid analogs in Brassica napus microspore embryos. J Plant Growth Regul 15:5-11 
Kiihnel B, Holbrook LA, Moloney MM and van Rooijen GJH (1996) Oil bodies of transgenic Brassica napus as a 

source of immobilized B-glucuronidase. JAOCS 73: 1533-1538 
Mahmoud SS, Moloney MM and Habibi HR (1996) Cloning and sequencing of the goldfish growth hormone 

cDNA. Gen Comp Endocrin 101: 139-144 
Zhang X-H, Moloney MM and Chinnappa CC (1996) Analysis of an ABA- and osmotic stress inducible dehydrin 

from Stellaria longipes. Journal of Plant Physiology 149: 617-622 
Parmenter DL, Boothe JG, van Rooijen GJH, Yeung EC and Moloney MM (1995) Production of biologically active 

hirudin in plant seeds using oleosin partitioning. Plant Mol Biol 29: 1 167-1 180 
Szarka SJ, Fitch M, Schaerer S and Moloney MM (1995) Classification and expression of a family of cyclin gene 

homologues in Brassica napus. Plant Mol Biol 27: 263-275 
van Rooijen GJH and Moloney MM (1995) Plant seed oil-bodies as carriers for foreign proteins. BioTechnology 

13: 72-77 

van Rooijen GJH and Moloney MM (1995) Structural requirements of oleosin domains for subcellular targeting to 
the oil body. Plant Physiology 109: 1353-1361 

Refereed Reviews or Book Chapters: 

Moloney, MM (2002) Oleosin Partitioning Technology for Production of Recombinant Proteins in Oil Seeds In 

Handbook of Industrial Cell Culture: Mammalian, Microbial, and Plant Cells Eds. Vinci, Victor A., 

Parekh, Sarad R. Humana Press p. 279 - 298. 
Moloney, MM (2002) Plant Molecular Farming: Using Oleosin Partitioning Technology in Oilseeds In Plants 

as Factories for Protein Production Eds. Hood, E., Howard, J. Kluwer Academic Publishers, Dordrecht, 

The Netherlands p. 55 -75. 

Moloney MM (2000) Molecular farming using seeds as hosts. In Seed Technology (Eds Bewley D and Black M) 

Sheffield Academic Press, pp 226-253 
Moloney MM (1998) Oleosins as carriers for foreign protein in plant seeds. In Engineering crops for industrial end 

uses (Eds Shewry PR, Napier, JA, Davis P) Portland Press pp 47-54 
Moloney MM and Holbrook LA (1997) Subcellular targeting and purification of recombinant proteins in plant 

production systems. In Biotechnology and Genetic Engineering Reviews (Ed MP Tombs) pp 14:321-336 
Moloney MM, van Rooijen GJH (1996) Recombinant proteins via oleosin partitioning. INFORM 7(1) 107-1 14 
Parmenter DL, Boothe JG Moloney MM (1996) Production and purification of recombinant hirudin from plant 

seeds. In Transgenic plants: a production system for industrial and pharmaceutical proteins (Eds Owen 

MRL, Pen J) John Wiley & Sons 
Moloney MM (1995) "Molecular farming" in plants: achievements and prospects. In Biotechnol & Biotechnol 

Equipment 9/1995/1 3-9 
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Patents: 

Moloney, MM, Boothe J, van Rooijen G. (2005) Oil Bodies and Associated Protein as Affinity Matrices. United 

States Patent No. 6,924,323, issued August 2, 2005. 
Deckers, H, van Rooijen, G, Boothe, J, Goll, J, Moloney, MM, Schryvers, AB, Alcantara, J, Hutchins, WA (2004) 

Immunogenic Formulations Comprising Oil Bodies. United States Patent No. 6,761,914, issued July 13, 

2004. 

Moloney, MM, van Rooijen, G. (2004) Preparation of Heterologous Proteins on Oil Bodies. United States Patent 

No. 6,753,167, issued June 22, 2004. 
Moloney, MM, Dalmia, BK (2004) Preparation of Thioredoxin and Thioredoxin Reductase Proteins on Oil Bodies. 

United States Patent No. 6,750,046, issued June 15, 2004. 
Peoples, OP, Moloney, MM, Patterson, N, Snell, KD (2003) Modification of Fatty Acid Metabolism in Plants. 

Publication No. 2003/0233677, published December 18, 2003. 
Moloney, MM, van Rooijen, G. Expression of Epidermal Growth Factor in Plant Seeds. Publication No. US 

2003/0177537, published Sept. 18, 2003. 
van Rooijen, G., Alcantera, J., Moloney, MM (2003) Method for cleavage of fusion proteins. Publication No. US 

2003/0166162, published September 4, 2003. 
Deckers, HM, van Rooijen, G, Boothe, J, Goll, J, Moloney, MM (2003) Products for Topical Applications 

Comprising Oil Bodies. United States Patent No. 6,599,513, issued July 29, 2003. 
Deckers, HM, van Rooijen, G, Boothe, J, Goll, J, Moloney, MM (2003) Products for Topical Applications 

Comprising Oil Bodies. United States Patent No. 6,596,287, issued July 22, 2003. 
Moloney, MM, van Rooijen, G, (2003) Preparation of Heterologous Proteins on Oil Bodies. United States Patent 

No. 6,753,167, issued June 22, 2004. 
Peoples, OP, Moloney, MM, Patterson, N, Snell, KD (2003) Modification of Fatty Acid Metabolism in Plants. 

United States Patent No. 6,586,658, issued July 1, 2003. 
Deckers, HM, van Rooijen, G, Boothe, J, Goll, J, Moloney, MM (2003) Products for Topical Applications 

Comprising Oil Bodies. United States Patent No. 6, 582, 710, issued June 24, 2003. 
Moloney, MM, Boothe, J, van Rooijen, G. (2003) Oil Bodies and Associated Protein as Affinity Matrices. 

Publication No. US 2003/0096320, published May 22, 2003. 
Szarka, S, Moloney, MM (2003) Method for production of multimeric immunoglobulins and related compositions. 

Publication No. US 2003/0093832, published May 15, 2003. 
Moloney, MM, Boothe, J, van Rooijen, G. (2003) Oil Bodies and Associated Protein as Affinity Matrices. 

Publication No. US 2003/0059910, published Mar. 27, 2003. 
Moloney, MM, Boothe,J., van Rooijen, G. (2003) Oil Bodies and Associated Protein as Affinity Matrices. United 

States Patent No. 6,509,453, issued January 21, 2003. 
Deckers, HM, van Rooijen, G, Goll, J., Moloney, MM (2002) Products for topical applications comprising oil 

bodies. United States Patent No. 6,372,234, issued April 16, 2002. 
Deckers HM, van Rooijen G, Boothe J, Goll J, Mahmoud S, Moloney MM (2001) Uses of Oil Bodies. United 

States Patent No. 6,210,742, issued April 3, 2001. 
Habibi H, Moloney MM (2001) Expression of Somatotropin in Plant Seeds. United States Patent No. 6,288,304, 

issued September 1 1, 2001. 

Deckers HM, van Rooijen G, Boothe J, Goll J, and Moloney MM (2001) Oil Body Based Personal Care Products. 

United States Patent No. 6,183,762 Bl, issued Feb. 6, 2001. 
Deckers HM, van Rooijen G, Boothe J, Goll J, Mahmoud S and Moloney MM (2000) Uses of Oil Bodies. United 

States Patent No. 6,146,645, issued Nov. 14, 2000. 
Cheng K-J, Selinger LB, Liu J-H, Hu Y, Forsberg CW and Moloney MM (2000) Xylanase obtained from an 

anaerobic fungus. United States Patent No. 6,137,032, issued Oct. 24, 2000 
Cheng K-J, Selinger LB, Liu J-H, Hu Y, Forsberg CW and Moloney MM (1999) Xylanase obtained from an 

anaerobic fungus. United States Patent No. 5,948,667, issued Sept. 7, 1999. 
Moloney MM, van Rooijen GJH, and Boothe J (1999) Oil bodies and associated proteins as affinity matrices. 

United States Patent No. 5,856,452, issued Jan. 5, 1999 
Moloney MM (1999) Preparation of heterologous proteins on oil bodies. United States Patent No. 5,948,682, 

issued Sept. 7, 1999. 

Deckers HM, van Rooijen GJH, Boothe J, Goll J, Moloney MM and Mahmoud S (1998) Uses of Oil bodies. PCT 
Patent Application WO 98/53698. Published 12/98 
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Moloney MM, Alcantara J and van Rooijen GJH (1998) Method for cleavage of fusion proteins. PCT Application 
WO 98/49326. Published 1 1/98 

Moloney, MM (1998) Transformation and foreign gene expression in Brassica spp. United States Patent No. 
5,750,871, issued May 12, 1998. 

Moloney MM, van Rooijen GJH, and Boothe J (1998) Oil bodies and associated proteins as affinity matrices. PCT 
Application WO 98/271 15. Published 6/98 

Moloney MM, Boothe J, and van Rooijen GJH (1996) Oil bodies and associated proteins as affinity matrices. 
United States Patent No. 5,856,452, issued Jan. 5/99 

Moloney, MM (1995) Transformation and foreign gene expression in Brassica spp. United States Patent No. 
5,463,174, issued Oct. 31, 1995. 

Moloney, MM (1993) Transformation and foreign gene expression in Brassica spp. United States Patent No. 
5,188,958, issued Feb. 23, 1993. 

Moloney MM (1992) Oil body protein cis elements as regulatory signals for seed specific expression. This patent 
describes the cis-acting sequences of oleosin genes which may be used to drive seed specific expression in 
transgenic plants. United States Patent No. 5,792,922, issued November 8, 1998 

Moloney MM (1991) Oil body proteins as carriers of high value proteins. This patent describes a novel procedure 
for the production of high value peptides such as pharmaceuticals, enzymes, peptide hormones and 
adhesives in oilseeds. The method provides for a unique purification process which renders economical the 
production of such proteins in plant seeds. United States Patent No. 5,650,554, issued Jul 22/97 

Hilliard J, Moloney MM (1989) Probe for electrofusion, electroporation or like procedure II. United States Patent 
No. 4,882,281, issued Nov^ 21, 1989. This patent describes a novel probe with multiple electrodes for the 
performance of electroporation / electrofusion experiments. Permits the efficient transformation of 
bacterial or plant cells using a voltage generator of less than 600V. 

Moloney, MM and Hilliard, J (1986) A probe for electrofusion, electroporation or like procedure. US Patent No. 
4,695,547. This patent describes a novel probe and set-up for the performance of 
electroporation/electrofusion experiments. The patent has been licensed by Hoefer Scientific of San 
Fransisco CA and is the basis of their ' Progenitor' series of electroporation devices. 

Moloney, MM (1986) Transformation of Brassica spp using Agrobacterium vectors. Applied U.S. Patent Office, 
May 1986. European claims accepted May 1987 #868,640. This patent describes a route to the production 
of transgenic Brassica plants using Agrobacterium vectors. Claims involve several target tissues. Issued 
March/92. 

Impact and Contributions: 

Evidence for the impact of my work in plant molecular biology and biotechnology can be found in several 
examples. I served for 3 years (1995-1999) as Editor of The Plant Journal, the second most cited journal in plant 
biology. I am a member of the advisory board at the Plant Biotechnology Institute in Saskatoon. I have several 
consulting relationships with both government departments and private industry. I act as a consultant for Dow 
AgroSciences Canada and frequently for the Provincial and Federal Government. I have served on NSERC 
(Strategic 1992-1995) and Alberta Government grant selection committees. I am an invited speaker to many 
international conferences including the TIGR International Genomics Conference, 2000, those of the International 
Society for Plant Molecular Biology (Amsterdam, 1994; Singapore, 1997), International Society for Fats and Oils 
Research (The Hague, 1995) and The Biochemical Society (Bristol, U.K., 1996). I give 7-10 invited seminars per 
year at Canadian, European or U.S. Universities. I was also the Chair and Co-organizer of the International Society 
for Plant Molecular Biology Congress in Quebec City, June, 2000. 

The award of an NSERC Industrial Research Chair to me in 1995, underlines the interest and commitment 
of industry to our work and attests to our desire to convert, wherever possible, basic discovery research into useful 
technology. I was the winner of the Alberta Science and Technology foundation (ASTech) award for "outstanding 
leadership in Alberta technology" in October of 1997. In 2002, I was appointed to the NSERC Council the 
governing body of the Natural Sciences and Engineering Research Council of Canada. I am the chair of the NSERC 
Committee on Research Partnerships which accounts for approximately 35% of NSERC s annual research budget 
and I am a member of the NSERC Executive Committee. 

I am the founder and Chief Scientific Officer of SemBioSys Genetics Inc. a biotechnology company based 
in Calgary, Alberta. SemBioSys, founded in 1994, employs approximately 45 people and is one of the largest 
Canadian plant biotechnology companies. SemBioSys Genetics Inc. is a world leader in the expression and 
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manufacture of recombinant proteins for medicinal and industrial applications, using oilseed plants as the host for 
their production. 

Significant Research Contributions: 

Subcellular targeting and topology of lipophilic proteins 

Abell, B.M., High, S., Moloney, M.M. (2002) Membrane Protein Topology of Oleosin is Constrained by its Long 
Hydrophobic Domain. Journal of Biological Chemistry: in press. This paper provides a fundamental analysis 
to targeting and topology of oleosins as examples of the most lipophilic proteins in nature. From this work it is 
clear that the length of a hydrophobic stretch is more important than its actual sequence in determining topology 
on a membrane. Furthermore, we demonstrated that novel signal-anchoring sequences can be derived from 
oleosins to display proteins on the cytoplasmic side of the ER. 

van Rooijen GJH, Moloney MM (1995) Structural requirements of oleosin domains for subcellular targeting to the 
oil body. Plant Physiol, 109:13553-1361. 

Abell BM, Holbrook LA, Abenes M., Murphy DJ, Hills MJ, Moloney MM (1997) Role of the Proline Knot Motif 
in Oleosin Endoplasmic Reticulum Topology and Oil Body Targeting. Plant Cell, 9:1481-1493. 

Oleosins represent a unique class of proteins throughout nature. They have the longest hydrophobic stretches of any 
protein studied to date. They undergo targeting to oil-bodies through a co-translational process and yet they do not 
enter the secretion pathway. They associate with a translocation pore on the ER, but do not undergo cleavage of a 
signal sequence. Our work has provided the basis for understanding which parts of the oleosin are essential to correct 
subcellular trafficking and how the topology of the protein is maintained on oil-bodies. This work had broader 
implications for all lipophilic proteins including those of non-plant origin. 

Use of oleosins as carriers for recombinant proteins 

van Rooijen GJH, Moloney MM (1995) Plant seed oil-bodies as carriers for foreign proteins. Biotechnology, 13:72- 
77. 

Parmenter DL, Boothe JG, van Rooijen GJH, Yeung EC, Moloney MM (1995) Production of biologically active 

hirudin in plant seeds using oleosin partitioning. Plant Moi Biol 29:1167-1180. 
Liu J-H, Selinger LB, Cheng K-J, Beauchemin, KA, Moloney, MM (1997) Plant seed oil-bodies as an 

immobilization matrix for a recombinant xylanase from the rumen fungus Neocallimastix patriciarum. 

Molecular Breeding 3:463-470 
Moloney, Maurice M. US Patent 5,650,554 "Oil Body Proteins as Carriers of High- Value Peptides in Plants" 

Issued Jul. 22, 1997 

As a corollary to our work on oleosin targeting, we discovered that oleosin fusion proteins were also capable of 
efficient targeting to oil-bodies. This led to the hypothesis that recombinant proteins could be attached to oil-bodies 
in transgenic plants and then separated from other cellular contents based on floatation centrifugation. This liquid- 
liquid separation could be performed inexpensively and result in a versatile platform for producing recombinant 
proteins in seeds. In the above-cited papers this hypothesis was validated and several examples of recombinant 
proteins have been produced this way. 

The technology has been patented and now comprises several patent families worldwide. These patents were 
used to form SemBioSys Genetics Inc., a Calgary-based biotechnology company currently employing 35 staff. 

Regulation of seed-specif ic gene expression 

Plant AL, van Rooijen GJH, Anderson CP, Moloney, MM (1994) Regulation of an Arabidopsis oleosin gene 

promoter in transgenic Brassica napus. Plant Mol Biol 25: 193-205. 
Crowe AJ, Abenes M, Plant A, Moloney MM (2000) The seed-specific transactivator, AB13, induces oleosin gene 

expression. Plant Science 151:171-181. 
Abenes M, Holbrook L, Moloney, MM (1997) Transient expression and oil body targeting of an Arabidopsis 

oleosin-GUS reporter fusion protein in a range of oilseed embryos. Plant Cell Rep. 17:1-7. 
Moloney, Maurice M. US Patent 5,792,922 "Oil-Body Proteins Cis-Elements as Regulatory Signals" Issued Aug. 

11,1998. 

My laboratory has performed a substantial amount of work on seed-specific gene regulation. We have been 
particularly interested in the modulation of transcriptional activity by plant hormones especially abscisic acid. My 
lab has performed the characterization of oleosin gene promoters and their cis-elements and their interaction with key 
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transcription factors such as ABI3. This work has resulted in greater insights into the factors needed for high level 
seed-specific expression, and in the isolation, use and patenting of a broad family of seed-specific promoters with 
uses in modification of lipid, starch or protein deposition in developing seeds. 
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Antibodies produced in plants 



A Hiatt 



Transgenic plant systems for the expression of mammalian antibodies offer opportunities for the study of plant 
metabolism and development. Agricultural production could provide virtually unlimited quantities of any antibody. 



Heterologous systems for the expres- 
sion of mammalian antibodies will 
undoubtedly contribute a great deal 
towards our ability to isolate and mani- 
pulate immunoglobulins'. The latest 
heterologous host system for antibody 
synthesis is plants. Techniques to generate 
transgenic plants have been perfected to 
the point where a foreign protein can be 
targeted to an organ of choice as well as to 
subcellular compartments. 

Production of antibodies by plant cells 
offers a variety of new possibilities for 
basic research in plant biology as well as 
for large-scale production of antibodies 
for use as therapeutic, diagnostic or 
affinity reagents. The unparalleled capa- 
city and flexibility of agricultural produc- 
tion suggests that antibodies derived from 
plants may be significantly less expensive 
than antibodies from any other source. 
Moreover, antibodies in plants may 
become useful reagents for manipulating 
agronomic traits and possibly for amelior- 
ating symptoms of pathogenic infections, 
as well as for isolating and processing 
environmental contaminants or industrial 
by-products. 

Plant transformation 

Successful expression of an antibody in 
tobacco has recently been reported 2 . A 
catalytic antibody 3 was chosen to test the 
ability of the tobacco cell to assemble and 
process immunoglobulin chains without 
compromising functionality. cDNAs 
encoding heavy and light chains were first 
inserted into Agrobacterium tumefaciens , 
a soil bacterium that has proven to be very 
useful for transforming many types of 
plant cells'. The Agrobacterium is respon- 
sible for transferring the DNA into the 
plant cell where it is subsequently inte- 
grated into the genome. Transformed 
plant cells are then regenerated to become 
mature plants*. 

The strategy used for antibody produc- 
tion was to transform tobacco leaf discs 
and regenerate separate plants expressing 
either the light or heavy chains (see figure). 
These plants were then sexually crossed to 
produce progeny-expressing functional 
antibody. Although the levels of expres- 
sion varied widely, greater than one per 
cent of total protein constituted functional 
antibody in some plants. There is reason 
to believe that this level of expression 
can be augmented by using promoter 
elements capable of higher levels of 
transcription 6 . The antibody can easily be 
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1. Antibody-producing cell 




2. Plasmid containing heavy or light cnain genes 



^ Heavy Ught ^ 
3. Heavy and light tobacco leaf disks m separate dishes 





4. Regeneration of plants expressing heavy or 
Sght chains 




Heavy No ptasmid Ught 
transfer 

5. Cross polienation 





6. Progeny expressing assembled antibodies 
0 plant of 4) 




Production of antibodies in tobacco plants. 
Primary regenerants transformed with Agro- 
bacterium containing heavy or light chain 
cDNAs are sexually crossed to enable 
assembly of a functional antibody in resulting 
progeny. 

purified from homogenized leaves in one 
affinity purification step. The catalytic 
properties of the tobacco-produced anti- 
body allow a precise evaluation of kinetic 
parameters such as K m , K x and K cu ; by 
these functional criteria, it is identical to 
the same antibody derived from hybri- 
doma cells. Further characterization (for 
example, site of synthesis, secretion, 
glycosylation) will be reported elsewhere. 

Of critical importance, is an evaluation 
of the immunogenicity of plant-derived 
antibodies in mammals. As plants do not 
contain sialyl transferase activity 7 , the 
terminal residues of the carbohydrate on 
the heavy chain will be different from 
mammals. In all probability, they will 
consist of xylose, fucose, and/or N- 
acetylglucosamine 7 . The extent to which 
alterations in carbohydrate composition 



affect the biodistribution and serum 
clearance of the antibody remains to be 
determined. 

Agricultural-scale production 

Clearly, if antibodies are to be used for 
therapeutic purposes, techniques for 
large-scale production have to be devel- 
oped. The high capacity and flexibility of 
agricultural production offers several 
advantages for obtaining antibodies: 
genetically stable seed stocks of antibody- 
producing plants can be isolated and 
stored indefinitely at low cost and the seed 
stock can be converted into a harvest of 
any quantity of antibody within one 
growing season. 

Although tobacco has been used as the 
principle research tool to initiate the study 
of antibodies in plants, there may be more 
appropriate plants for production. A 
variety of common crop plants can be used 
as the production host. Acreages of 
perennial forage crops could be generated 
by clonal propagation or from seed and 
harvested numerous times in a growing 
season. The choice of species may depend 
on the quantity and nature of contaminants 
encountered during purification. Some 
candidates are alfalfa, soybean, tomato 
and potato. 

As large-scale production of antibodies 
is not yet commonplace, appropriate tech- 
niques for the purification of hundreds 
or thousands of grams have yet to be 
perfected. The cost of agriculturally- 
produced antibodies is likely to be con- 
siderably less than antibodies produced 
from hybridoma cells or ascites fluid. For 
example, if antibodies were expressed in 
soybean and constituted one per cent of 
total protein in soybean meal, a kilogram 
of antibody could, hypothetically, be 
produced for less than $100 (US). This 
extrapolation is based on current costs for 
soybean production and does not take into 
account numerous hidden costs such as 
the cost of development and propagation 
of a sufficiently large and genetically 
characterized seed stock. In addition, the 
efficiency with which antibodies can be 
produced in specialized organs such as 
seeds or fruit is still not known. 

Growth regulation 

Plant growth and development is controlled 
by a limited number of low molecular 
weight hormones such as indoleacetic 
acid, ethylene, benzylaminopurine and 
a variety of more complex organic 
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molecules 8 . Little is known about the 
biosynthetic pathways or the mechanism 
of action of these hormones. However, by 
expression within the plant eel! of mono- 
clonal antibodies that recognise these 
hormones, it may be possible to evaluate 
developmental and metabolic events that 
are controlled by their free titre. Ideally 
one would want to control the expression 
of the antibody as well as target expression 
to different organs or subcellular locations 
In this way, activities of. the hormone at 
various developmental stages could be 
unravelled. 

Pathogen resistance 

Antibodies against hormones are just one 
area where expression of an endogenous 
antibody could aid plant research 
Another example is infection of plants by 
pathogens. Although many fungal 
bacterial and viral pathogens have been 
characterized with respect to the genetics 
of host-pathogen interactions, very few 
have been thoroughly investigated at the 
biochemical level. In some instances 
however, pathogen-related proteins or 
other organic molecules have been shown 
to be necessary for pathogenesis 910 . 

Expression of an intracellular antibody 
that binds antigens essential for patho- 
genesis may ameliorate the symptoms of 
the infection by reducing the functional 
titre. The advantage of this strategy is two 
fold: first, it would not require isolation of 
genes involved in synthesis of the target 
antigen (as with anti-sense RNA expres- 
sion); and second, pools of antigen which 
may be localized in subcellular compart- 
ments can be the specific target, leaving 
other pools unaffected. Clearly, the 
success of this approach will depend on a 
much more detailed understanding of the 
behaviour of antibodies in plants. Where- 
as antibodies have been successfully 
expressed intracellularly in both yeast and 
mammalian cells" 12 , attempts to assemble 
immunoglobulin chains in the cytosol of 
plants have been unsuccessful. 

Current efforts are focusing on alterna- 
tive methods which would by-pass the 
requirement for assembly of two immuno- 
globulin chains (for example, single chain 
antigen-binding constructs) 13 . In addition, 
attempts to localize an antigen-binding 
capacity to chloroplast and vacuole are in 
progress. Once we have a clear picture of 
the assembly, stability and functionality of 
targeted immunoglobulins, appropriate 
strategies for localized antigen binding 
can be devised, 

Biofllfratlon 

One of the key differences between plant 
cells and those of other organisms is the 
structure and characteristics of the sur- 
rounding cell wall. The mechanical strength 
and contiguous nature of plant cell walls is 
largely responsible for the rigidity of the 
entire plant. The diameter of pores in the 
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The Federation of American Societies for Experimental Biology (FASEB) 1 
annual meeting will be held in Washington, DC, next week. A micro-osmotic^ 
pump for slow-release drug delivery and a vertical tube gel apparatus will bi 
among the many exhibits. 1 



At FASEB, Beckman Instruments will be 
launching the programmable DU7500 
diode array UV/visible spectrophotometer 
designed for microvolume and ultra- 
microvolume samples of up to 100 uJ 
(Reader Service No. 101). The patented 




DU7500: Beckman's next generation of UV/ 
visible spectrophotometers. 

full spectrum quantitation applies all the 
data points in a scan to arrive at accurate 
and reliable component concentrations, 
says Beckman. Data are calculated using 
advanced vector quant maths. RediRead 
and RediScan modes allow the user to take 
readings or wavelength scans even when 
other measurements are in progress. A 
one-button prompt automatically sets up 
the new readings or scan, after which the 
interrupted research can be resumed. The 
DU7500 simplifies protein analysis by 



providing pre-selected parameters fori 
Bradford (595 nm), Lowry (high sensitiv-J 
ity: 750 nm; low sensitivity: 500 nm),| 
Biuret (540 nm) and direct UV method! 
(280 nm). Kinetic analyses are run at L 
single or multiple wavelengths: results can J 
be displayed in five plot formats. Prices « 
for the DU7500, which will be in action in 1 
booth 1312, range from $15,000-25,000 I 
(US), depending on configuration and § 
choice of accessories. 



To meet demands for an implantable 
mico-osmotic pump that can deliver a 
variety of bioactive compounds to animals 
weighing less than 10 grams, Alza Cor- 
poration has introduced the Alzet Model 
1007D (Reader Service No. 102). Measur- 
ing just 17 mm in length and weighing 350 
mg when empty, the Model 1007D pro- 
vides the controlled administration of 




Alza's micro-osmotic pumps provide 
sustained-release drug delivery. 



cell wall imposes a restriction on the size 
of molecules that are freely permeable. 
This exclusion limit lies between 35 and 50 
A and corresponds to a molecular weight 
of less than 20,000 for a globular 
protein. Clearly, antibodies are too large 
to be freely permeable 14 . Consequently, 
expression of an antibody in a plant cell is 
equivalent to producing a binding and 
retention capacity within a semipermeable 
membrane. Any antigen with a molecular 
weight of less than 20,000 (for example, 
environmental pollutants, industrial by- 
products, pesticides and herbicides) might 
be collected and retained by a plant 
expressing an antibody that is functional 
in situ. 

At present, research exploring the 
applications of biofiiters is aimed at 
characterizing the functional properties of 
the antibody as it resides within the 
boundaries of the cell wall. Future efforts 
will be aimed at enhancing the functionality 
of antibodies in plants to enable catalytic 



processing of molecules retained within 
the cell. □ 

Andrew Hiatt is a Molecular Biologist at the 
Research Institute of Scripps Clinic, La Jolla, 
California 92037, USA. For more information, 
fill in reader service number 100. 
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